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ATMOSPHERIC TRANSMISSION MEASUREMENTS AT
WHITE SANDS MISSILE RANGE, AUGUST 1978

INTRODUCTION

During August 1978 measurements were taken over a two-week period at White Sands Missile
Range (WSMR), New Mexico. The Naval Research Laboratory's (NRL) Infrared Mobile Optical Radi-
ation Lab'ratory (IMORL) was used to make high-resolution atmospheric transmission measurements
over an elevated 6.4-km path in order to assess the effect of the atmosphere on laser transmission. The
expected high turbulence at WSMR was a new parameter for the existing IMORL data base [1,2] and
restricted operations to midmorning and late afternoon. Detailed surveys of the actual path used, pro-
viding beam elevation as well as local ground topography vs range, were carried out in support of this
program. Meteorelogical parameters monitored at the endpoints of the path included air temperature,
dewpoint, solar radiation, wind speed and direction, and the temperature structure parameter C7. Laser
extinction coefficient measurements were made to a precision of ±+0.008 km- 1* at HeNe, Nd-Yag, deu-
terium fluoride (DF), and CO 2 wavelengths. To achieve this precision for the highly transmissive DF
wavelengths, a longer path was used than those chosen for previous IMORL operations. New dual-
scatter-plate beam integrators were employed to reduce pointing errors at the receiver [3]. The
turbulence-induced beam spread caused possible overfill of the 1.2-m (4-ft) receiver mirror and limited
the path length to the 6.4 km used for successful operation during all but the periods of highest tur-
bulence. Times of day and levels of turbulence for which this limitation became operative will be dis-
cussed in the section on laser extinctions.

Extinction measurements of the DF lines are in good agreement with predictions from sea level
algorithms simply reduced in total pressure for most lines measured. The 2-1 P DF line shows indi-
cations of an 1120 continuum dependence different from the model developed by the Army Atmos-
pheric Sciences Laboratory, WSMR. This discrepancy is in the direction of smaller absorption
coefficients for the 2-1 Pi component of a multi-wavelength beam. The DF laser extinction measure-
ments were used to calibrate Fourier Transform Spectrometer (FTS) data, providing absolute transmis-
sion spectra for the first time at the WSMR-MAR site. This information will be of substantial benefit
to the future laser propagation programs at WSMR.

PLAN AND RATIONALE FOR THE WSMR EXPERIMENT

The technical objectives of this measurements program were threefold. A primary objective was
to characterize the propagation environment at WSMR by measuring long path atmospheric extinction
at several near- and mid-IR laser frequencies, together with local meteorological parameters. Second.
this work was intended to provide basic experimental atmospheric transmission data at WSMR for sys-
tems analysis studies. Third, this measurement program was designed to acquire precise high-
resolution atmospheric transmission spectra in-situ at WSMR.

Specific problem areas identified prior to the WSMR field measurements include the nature,
composition, and effects of average atmospheric aerosol concentrations occurring in the inland desert

%ldnusrip submitted April 29, 19810
*I his error limit is larger than that reported Ior pre iou% measuremcnlt% with the IM()RI 131 hccaus.e i, the high turbulence en-
coiuntered at WSMIR
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environment, anticipated new ranges of absolute humidity, and confirmation of' the level and %ariabilit%
of IID()/IO0 abundance in the inland environment. Each of these atmospheric properties strongl.
affects the propagation of DF laser radiation in the atmosphere.

LASER EXTINCTIONS

The laser extinction procedures used at WSMR are described in References [I] and 141. With use
of the basic procedure of a chopped beam and phase-locked ratiometry. an experimental uncertainty of
±0.008 km 1 was achieved in the measured extinction coefficients, with transmissions near 90"/, over
the path. The required precision in the detector hardware was achieved through the use of tandem
scatter-plate beam integrators having a deviation of less than I% of detector-integrator efficiency o~er
the entire 1.2-m (4-t) collector pupil. This unique design was developed by R. F. Horton of NRL',
Optical Radiation Branch [3]. Precision AC voltage regulators were added to the transmitter electronics
to maintain uniform source temperatures and amplification characteristics of electronics under the
sometimes harsh field environment. A magnetic tape data logger normally used for storage of meteoro-
logical parameters was expanded to include the laser extinction numbers from the ratiometer for
improved temporal resolution in data analysis. For example, with the high turbulence frequently
encountered at WSMR, the distribution of values from the ratiometer will have a larger than normal
standard deviation and, if beam spreading nearly fills the 1.2-m receiving aperture, a skewness of the
distribution appears that is easily recognized. This skewness flags a loss of validity of the laser extinc-
tion measurements and requires a new algorithm that selects an averaged ratio near the distribution
edge away from the tail, depending on the degree of mirror fill.

Results of the long path DF extinction measurements are shown in Table I. The calculated
extinction coefficients are obtained from a line-by-line computer calculation commonly referred to as
IIITRAN. which uses a recent edition of the AFCRL line atlas [51, containing spectroscopic data for
the seven principal IR molecular absorbers and their isotopes. All line wing contributions within a
range of 25 cm-' to either side of the wavenumber of interest are included in the calculation as contri-
butions to the absorption coefficient. Midlatitude summer average values scaled to WSMR barometric
pressure and air temperature are used for the amounts of all absorbers except 1t,0, which is referenced
to the measurement of actual dewpoint. A continuum contribution for N2 and 1!20 is included in the
IIITRAN calculations and is derived from the model used in LOWTRAN 3B 161. No aerosol contribu-
tion is modeled in the numerical calculations, since all experimental conditions exceeded 80 km visibil-
ity, indicating a negligible aerosol component. A more detailed description of the visibility measure-
ments will be given in a later section.

For help in assessing the correlations of the DF laser extinctions with atmospheric conditions.
Table 2 contains a breakdown of individual contributions to the total molecular absorption coefficient
from each molecular absorption component for a midlatitude summer atmosphere scaled to 33°C air
temperature, 1172 Pa (8.8 torr) of water vapor, and 88 x 103 Pa (660 torr) total pressure. Absorption
of the 2-P 1 1 (abbrv. P10) line, for example, is dominated by the N20 content of the atmosphere.

The variation of absorption coefficient for each of the DF lines with water vapor partial pressure is
shown in Figs. I and 2. Included in the figures are previous sea level measurements and a plot of a
polynomial algorithm IlI developed by Science Applications, Inc. (SAl). The recent measurements at
WSMR are indicated by the W symbols, and the boxes and crosses represent data from Cape Canaveral,
Florida, and Capistrano, California, respectively. The solid curve is a least squares fit to the Florida
data, and the dashed curve is the polynomial calculation of SAL.

One notable result of the DF laser extinctions is the P,5 line, which indicates a different trend
with water vapor than that expected, as shown in Fig. 2. Absorption of 1his line is dominated by HDO
line and I1,0 continuum absorptions, and any discrepancies in either species should also show up in
Some of the well-behaved lines observed, such as the P,7 which is also HDO-line dominated.
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Table 1 - DF Extinctions Measured over 6.4-km Path at WSMR and HITRAN Predictions
for Corresponding Meteorological Conditions*

Time Line Experimental Calculated Experimental
Date (local) Line ID Position Extinction Absorption -Calculated

(cm - ') Coefficient (km-') Coefficient (km - ) (kmin')
11 Aug 78 0900 P28 2631.068 0.021 0.023 -0.002
11 Aug 78 0910 P,8 2717.539 0.120 0.107 +0.013
11 Aug 78 0912 P17 2742.998 0.030 0.025 +0.005
11 Aug 78 0912 P16 2767.968 0.069 u..063 +0.006
11 Aug 78 0915 P,8 2631.068 0.035 0.023 +0.012
II Aug 78 0917 P110 2580.097 0,092 0.060 +0.032
11 Aug 78 0919 P,12 2527.391 0.038 0.026 +0.012
11 Aug 78 0924 P.8 2631.068 0.031 0.023 +0.008
14 Aug 78 0952 P,8 2631.068 0.012 0.014 -0.002
14 Aug 78 0953 P,7 2655.863 0.041 0.038 +0.003
14 Aug 78 0954 P25 2703.999 0.012 0.011 +0.001
14 Aug 78 0955 P18 2717.539 0.078 0.057 +0.021
14 Aug 78 0957 P17 2742.998 0.014 0.012 +0.002
14 Aug 78 0959 P16 2767.968 0.034 0.033 +0.001
14 Aug 78 1001 P,8 2631.068 0.013 0.014 -0.001
14 Aug 78 1002 P210 2580.097 0.059 0.052 +0.007
14 Aug 78 1002 P,12 2527.391 0.027 0.018 +0.009
14 Aug 78 1004 P,8 2631.068 0,014 0.014 0.000
15 Aug 78 0927 P,8 2631.068 0.009 0.011 -0.002
15 Aug 78 0929 P,7 2655.863 0.025 0.027 -0.002
15 Aug 78 0930 P,5 2703.999 0.017 0.008 +0.009
15 Aug 78 0934 P18 2717.539 0.038 0.038 0.000
15 Aug 78 0936 P17 2742.998 0.013 0.009 +0.004
15 Aug 78 0937 P16 2767.968 0.026 0.024 +0.002
15 Aug 78 0939 P28 2631.068 0.011 0.011 0.000
15 Aug 78 0940 P,10 2580.097 0.066 0.050 +0.016
15 Aug 78 0943 P,12 2527.391 0.030 0.016 +0.014
15 Aug 78 0946 P28 2631.068 0.012 0.011 +0.001
19 Aug 78 0944 P,8 2631.068 0.019 0.022 -0.003
19 Aug 78 0945 P27 2655.863 0.072 0.067 +0.005
19 Aug 78 0947 P25 2703.999 0.023 0.020 +0.003
19 Aug 78 0948 P18 2717.539 0.109 0.099 +0.010
19 Aug 78 0949 P17 2742.998 0.023 0.023 0.000
19 Aug 78 0951 P16 2767.968 0.047 0.058 -0.011
19 Aug 78 0952 P28 2631.068 0.025 0.022 +0.003
19 Aug 78 0954 P210 2580.097 0.072 0.059 +0.013
19 Aug 78 0956 P212 2527.391 0.032 0.025 +0.007
19 Aug 78 09571 P28 2631.068 0.021 0.022 -0.001

3
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Table 2 - Contributions to Total Molecular Absorption Coefficient
(km 1) for DF Transitions of Interest for a Midlatitude Summer
Atmosphere* Scaled to 33C Air Temperature. 8.8 Torr H.O. and

660 Torr Total Pressure Calculated Using HITRAN

Line Total 10 N. i D
ID Continuum ContinuumAbsorptionI

2-1P12 0.019 0.009 0.009 0.000 0.001 0.000 0.000 0.000

2-IPIO 0.054 0.008 0.002 0.002 0.000 0.041 0.000 0.001

2-1P8 0.017 0.008 0.001 0.002 0.003 0.000 0.003 0.000

2-1P7 0.050 0.008 0.001 0.039 0.002 0.000 0.000 0.000

2-IP5 0.014 0.010 0.000 0.004 0.000 0.000 0.000 0.000

2-1P8 0.076 0.010 0.001 0.065 0.000 0.000 0.000 0.000

I-OP7 0.016 0.011 0.000 0.003 0.002 0.000 0.000 0.000

I-OP6 0.042 0.012 0.000 0.025 0.005 0.000 0.000 0.000
(onrnhu i . due !o and (), are r. l 1gjItK.1fn1( or [hti .Ihltulati
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The scatter of the Pl0 line data in Fig. I exceeds the 0.008 km ' uncertainty in the measurement
and clearly indicates variations in the amount of the dominant absorbers for those atmospheric absorp-
tion lines that do not correlate with atmospheric HO. In this case it is the NO molecular component
that comprises approximately 80', , of the total absorption for the P,10 line t see Table 2). Inaccuracies
in isolating the P,10 line from a neighboring DF line by the operator would tend to give a bimodal
slope, depending on which of the two lines was present during measurement, but this is not indiLated.
The observed variation is present at both coastal measurement sites as well as the recent WSMR loca-
tion. Software to obtain a ratio of the FTS spectra and numerical predictions will be generated to assess
abundances of the IR absorbers along the path. A quantitative measure of the uncertainty caused by
atmospheric variations and their influence on the measured absorption coefficient is given by the scatter
of the data for the P,8 line shown in Fig. I. The water-vapor concentration as integrated along the nth
will ,ary with the flux of air masses through the path and is only approximated by the two endpoint
meteorological stations. Absorption of the P,8 line is dominated by H,O line and HO continuum
absorptions as shown in Table 2. Consequently. the uncertainties resulting from the use of the end-
point approximation to true-path-integrated H 2O result in a distribution of absolute humidities about
the true value and contribute to the scatter seen in Fig. 1.

Within the limits of the scatter shown in Figs. I and 2. the molecular algorithms represented b.
the dashed lines accurately predict the water-vapor partial pressure dependence of DF laser molecular
absorption near 30'C air temperature at WSMR.

.\dd:ional data were acquired in the 10-jim region with a CO, laser, and the results are shown in
Table 3 along with IHITRAN predictions for the observed atmospheric conditions, Agreement with
predictions is generally not as good as that observed at DF wavelengths. With the exception of he
R10-20" line, the differences between experiment and theory change with atmospheric conditions along
the path. The precision of the CO, extinction experiment is equal to that of the DF results and cer-
tainl% more than adequate to not give rise to the large discrepancies observed here. Hardware malfunc-
tions of this order would be detected during zero path calibrations, where uncertainties are routinely in
the third significant figure.

The RIO-20 line absorption coefficient is consistently under that predicted for the observed atmos-
pheric conditions. The dominant absorption process for this line, as shown in Table 4, is a strong H,O
line nearly coincident with the 975.931 cm t position of the RIO-20 line. The HO line position is
approximately 976.012 cm I and is apparently incorrectly identified in line position or line strength in
the AFGL line atlas [5]. For example, were remeasurement to shift the HO line position by 0.05
cm -. agreement would be reached with the observed RIO-20 extinction. If the line position is found
to be correct, then the line strength must be significantly larger than previously believed. Figure 3
shows a IIITRAN calculation using the existing AFGL line atlas behavior in the vicinity of the RIO-20
line.

The large absorption effects at 10.6 A~m that appear to vary with time are not modeled correctly by
IIITRAN. There is no direct correlation with water vapor, since better agreement and lower absorption
coefficients were observed during the highest water-vapor conditions encountered, such as the 10
August measurement of 10.8-torr IIO. Table 4 contains a breakdown of the molecular absorption
mechanisms included in the theoretical predictions of tilTRAN for conditions on 19 August. It is easy
to see from Table 4 that our observations cannot be explained by increases in 111O and CO, along the
path, since all of the lines would be affected to some degree, and a characteristic shape for wavenumber
dependence of the absorption would occur. Figures 4 through 7 show the comparison of experiment to
theory for the range of water vapor conditions encountered. In all cases the upper trace at 975 cm 1 is
the measured value. The effect seems to be broadband so as to affect neighboring lines but not so
much so as to occur uniformly across the window. Absorption bands induced by airborne silicates are

I he notitin Ri)-2ii denite, the Rh line I the 1 tl 4) ( I ), hand. ti' salrne line in the (tot -0-i20 band \,ould he denoed h
R012 20 1,r exampl7
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Table 3 - CO, Extinctions (km :) Measured over 64-km Path "ith IIITR-\N Predictamns
for Corresponding Meteorological (onditions*

Time Line Experimental Calculated L \per]nmnt i
ate lod Line ID Position Extinction Absorption --Calculalcd(cm 1) Coefficient (km i Coefficient (km 1km J

10 Aug 78 1001 P10-20 944.195 0.198 0,208 -0 01(1
10 Aug 7 8 1004 P10-26 938.689 0.173 0.181 -0 r08
10 Aug '78 1006 PI0-30 934.895 0.166 0 168 -w0ou2
10 Aug 78 1008 P10-38 927.009 0.148 0.142 --0,0)(16
10 Aug 78 1010 P10-14 949.480 0.197 0.203 -0.006,
10 Aug 78 1016 RI0-20 975.931 >1. 0.598 >04
10 Aug 7 8 1021 R10-28 980.914 0.522 0 166 - 0,356
10 Aug 78 1024 P02-20 1046.854 0.509 0.208 30M
10 Aug 78 1028 R02-20 1078.591 0.238 0.207 -0.031
11 Aug 78 956 R02-38 1089.001 0.110 0.139 -(029
II Aug 78 958 R02-20 1078.591 0.211 0.231 -0,020
1 Aug 78 1000 P02-20 1046.854 0.459 0.233 -0.226
1 .A ug 78 1005 RIO-20 975.931 0.713 0.691 -- 0,022
1 Aug 78 1010 P10-20 944.195 0.585 0.242 +0.343

14 Aug 78 1028 P10-38 927.009 0.170 0.071 -0.099
14 Aug 78 1030 P10-20 944.195 0.770 0.148 -'-0.622
14 Aug 78 1035 R10-20 975.931 > I. 0.403 >0.6
14 Aug 78 1047 R02-38 1089.001 0.105 0.071 -0.034
I5 Aug "8 1006 PI0-20 944.195 0.577 0.121 -0.456
I5 Aug '8 1008 PI0-38 927.009 0.520 0.048 +0.4 2
15 Aug 78 1010 R10-20 975.931 0.715 0.281 +0.434
5 Aug 78 1014 R RI0-20 975.931 0.660 0.281 +0.379

15 -A Ug V8 101 P02-20 1046.854 0.179 0.147 --0.032
15 Aug 78 1020 R02-20 1078.591 0.178 0.149 +).029
I .Aug 78 1023 R02-38 1089.001 0.618 0.053 +0 565

17 Aug 78 1912 R02-38 1089.001 0.052 0078 -0.02o
17 Aug 78 1914 R02-20 1078.591 0.155 0.186 -0.031
11 Aug 78 1915 P02-20 1046.854 0.165 0.182 -0,017
17 Aug 78 1916 R10-20 975.931 >1. 0.456 >0.5
I Aug 7 8 1920 PI0-20 944.1 95 0.486 0.162 +0.324
17 Aug 78 1922 P10-38 927.009 0.602 0.079 -0.523
18 Aug 78 1007 P10-38 927.009 1 0.150 0.120 +0.030
18 Aug 78 1010 PIO-20 944 195 0.642 0.197 +0.445
18 Aug "78 1014 R10-20 975.931 > 1. 0 589 >04
18 Auv 78 1018 P02-20 1146.854 0497 0.204 +() 293
18 Aug 78 1121 R02-20 1078,591 0.228 0.205 +0.023
1. Aug 78 1036 R02-38 . 1089.001 0.483 104 +0.379
19 Aug 78 1023 P10-20 944.195 0,128 0.219 -0.091
19 Aug 78 1024 P10-38 927.019 0.085 0153 -0.068
19 Aug 78 1(126 R10-20 975.931 >1. 0,633 >0.3
19 Aug 78 1029 P02-20 1046.854 0.502 (.217 + 0.285
19 Aug 78 1132 R02-20 1078 591 0.222 1.216 +011006
19 Aug 78 11(33 R02-20 1178.591 0 .219 0 .21) +0.003
19 Aug 78 0136 R02-38 1089001 0.130 0(123 +0()17

• I I I II
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Table 4 - Contribuuions to Total Molecular Absorption
Coefficient (km 1) of a Midlatitude Summer Atmosphere

Scaled to 25.8'C Air Temperature, 10.8 Torr 11.0
and 660 Torr Total Pressure for CO, Laser Lines of Interest*

Line ID Molecular 1110 CO, H.0 0,
__ ___Continuum-

IAbsorption ______

PI0-38 0.153 0.125 0.06 0002 0.000

P10-20 0.219 0.118 10.093 0.008 0.000

RIO-20 0.633 0,106 0.099 0.428 0.000

P02-20 0.217 0.0891 0.1 18 0.001 0.009

IR02-20 J 0.2 16 0,084 0.0128 J0.004 0.000

R02-38 [ 0.123 I 0.083 0.036 10.003 0.000

11r Nc J1,~LJ~J1H111 rc:prc-cnvcd T1 hll 1.hie

-- -- -- - .. . .. . . . .

WA, ~ ' lt, II

1i 3 111 RI t AN transmission prediction o fi 4-km pith it ictntt% ol H 10-20) 03, line I-,r

midlaititude sunrnmer iirnosphre scld to 2 81 a ir temnperaiture. 1440) Pa 1 8I uorr H, O. anrd

K9 , it,,I' (060 ih ltort) Iii prcssure

9



HANLEY. DOWLING, HORTON, CURCIO. GOTT. WOYTKO. AND STORVICK

1. 35

1.35

1./

I. IS

.45

.3

.15

I I I I ICH 1
5tO 541e ,51 581e W[OK 11O28 lAi 1C 0 I35C : C,

MAVrNIL' Br p C¢l-Zl

Fig. 4 - Top trace at 975 cm- 1 is measured CO2 absorption coefficient over 6.4-km path.
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known to coincide with the observed absorptions. but the amount of absorption is higher than that to
be C\peceCd from airborne silicates. Wind speed and direction are recorded in the section of this report
on microneteorology and ma\ he used to study correlation with this strong absorption mechanism

FOU.RIER TRANSFORM SPECTROS(OPY

A scanning Michelson interferometer with 16-cm retardation capability was used to measure rela-
tive atmospheric transmission from 2 to 6 Am and from 3 to 14 Am, with two separate detector-
beamsplitter combinations. For 3 to 14 .m, the tIgCdTe detector and KBr beamsplitter produce a
lower signal-to-noise ratio and are more sensitive to background radiance levels than the 2- to 6 -Mm
lnSb detector and CaF, beamsplitter combination. The advantage of the extended 3- to 14-Am
wavelength coverage would be more apparent at lower noise levels, this would be achievable with a
matched detector-preamplifier combination and a smaller detector chip (noise equivalent power for a
detector scales directly with chip area). Currently, the 8- to 14 -Am window fast Fourier transform
(FFT) data are presented at low resolution for inclusion in this report. Software is being developed to
average noisy spectra and improve the transform process, which will result in higher resolution data in
the 8- to 14 -Am region.

Representative spectra for the lnSb spectral region are shown in Figs. 8 through I I for conditions
of 1172 Pa (8.8 torr) H,0 and 33*C air temperature. The stronger absorption lines in general appear
narrower than those obtained in earlier atmospheric measurements 171. Figures 12 through 16 are
HITRAN predictions for the same atmospheric conditions that have been convolved with a 0.08 cm
(sin x)/x instrument function to match more closely the data presented in Figs. 8 through II. In the
5 -Am region, we observe stronger continuum absorption features than those currently predicted by
HITRAN. Close scrutiny of features reveals minor differences between theory and experiment such as
the window between 2020 cm I and 2040 cm 1. The AFGL line atlas should be adjusted to match the
structure of the peak of transmission and relative intensities of peaks observed in this spectral region
important for CO laser propagation. As previously observed 18], in sea level coastal measurements, the
4.3-Mm CO, band edge near 2400 cm 1 is more rounded than the HITRAN predictions (Fig. 14). This
indicates that a different absorption line wing profile is required for the strong CO, absorption lines in
this region than the Lorentz shape normally used, or else that a greater N, continuum absorption exists
than is currently modeled in the 4 .2-Am region. The relative strengths of the two HDO lines and the
one 1t20 line at 2730 cm ' (Fig. 9) indicate only slightly less than the 0.03% abundance ratio for liDO
expected relative to 1,0. Most spectral features are in fairly good agreement with HITRAN predictions
in the DF region, as indicated by the DF laser extinction results presented earlier in this report.

High dispersion JITRAN plots for the 1172 Pa (8.8 torr) water-vapor conditions of the spectra
shown above are plotted near several DF lines in Figs. 17 and 18. The N2() dominance of the P,10 line
as well as the 1120 and ('114 dominance of the P,8 are indicated in Fig. 17.

Representative FfS plots for the 8- to 14-Am region are shown in Fig. 19 for data taken on 17
August 1978. The upper panel in Fig 19 shows a spectrum resulting from a 200-scan average taken
during a 30-min period centered around 18310, and the lower trace is again a 200-scan average taken
during a 30-min period centered ariiund 2130 lhese data correspond to 1.4 cm I resolution but can be
processed with impro-ved resolution as software is upgraded. During these measurements, the air tem-
perature was 31 T and the water % apor was 10165 IPa (8 0 torr) at the endpoints of the 6.4-km path.

In general it is observed that there is greater continuum absorption in the 12- to 14 -Am region
than predicted, but otherwise spectral features appear quite similar to the IITRAN calculations con-
volved with a 1.4 cm 1 (sin .% I/v instrument function shown in Figs. 20 and 21.
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PATH SELECTION

Selection of' a suitable path for these measurements was subject to several constraints. A major
goal was to maintain beam elevation some distance above ground cover. The elevated beam height
minimizes sensitivity of results to strong vertical gradients of turbulence and aerosols. Funding limited
the size of the earthen berms which could be built for this experiment, and range restrictions ruled out
all but a few locations for beam placement. The transmitter position was built at a test site near a loca-
tion called ARKY. An additional 6.1 m (20 ft) were added to existing high ground in this area, with
the top surface bladed flat and compacted. Earthen ramps were constructed and overall dimensions
were designed to enable zero path calibrations to be carried out on top of the mound without disturbing
transmitter alignment. It was necessary to locate the receiver at 4 to 7 km distance and preferably to
utilize existing high ground to obtain maximum effectiveness of existing monies. Range Control at
WSMR ruled out the first two receiver sites chosen, but finally relented and agreed to the use of the
receiver site at a location called PAT, a distance of 6.4 km from the transmitter as shown in Fig. 22.
This 6.4-km path provides a good compromise between the long path needed for precise absorption
coefficient measurements and the need for limiting path length so as not to allow turbulence beam
spreading to overfill the 1.2-m receiver mirror.
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MI('ROMETEOROLOGICAL DATA

Appendix A contains all of the microrneteorological data obtained in support of the WSMR
extinction experiment. The data are presented in a tabular format of' 10-min averages suitable for
correlating with specific events. The tabular data are followed by plots of the atmospheric index struc-
ture contant (., windspeed, and solar radiation vs time to show more clearly trends in these parame-
ters For example, one notes the strong correlation of (,2 and windspeed with blockage of solar radia-
tion near 1500 on August II. The afternoon "window" or quiet period of turbulence does not occur
until 1930 in August and is approximately 45 min in halfwidth as shown on the 17 August plot.

The micrometeorological towers used for these measurements contained air temperature and
dewpoint sensors manufactured by EG&G, a windspeed and direction sensor built by Young Devices.
Inc., and sensors to monitor the atmospheric temperature structure constant CI, solar radiation, and
barometric pressure. All tower sensors were sampled at 3-s intervals and were then averaged to provide
the 10-min data presented here. Care was taken to locate the towers at beam elevation and upwind of
the equipment structures for the predominant wind directions.

ligures AI-AI6 contain plots of (',2 (m 2 ), solar radiation (W/m 2). and windspeed (mis)
monitored at the transmitter and receiver meteorological stations during the experiment.

VISIBILITY MEASUREMENTS

Visibility was determined by the contrast method developed by Koschmieder [9-11] in 1942.
Ilere visibility is defined as the distance from an object that produces a threshold contrast between the
object and the background. In these experiments, the target was a shadowed mountainside (Elephant
Mountain) 33 km away, and the background was the sky immediately above the mountain.

The contrast formula is

B. - B e = TX (contrast transmittance),

where B1 and B1, are the radiances of the cone of air in front of the target at distance X and the hor-
i/on, respectively. Attenuation coefficient a in the visible region can generally be attributed to aerosol
scattering. However, in high visibility conditions the molecular component is a significant factor and
must be considered in determinations of' aerosol effects.

For visibility determination we define y as the threshold contrast where the target is minimally
visible and R as the range at that contrast. For our work we let y = 0.02 at a wavelength of 0.55 14m,
so that

BR - B11 = CR = 0.02,

B,,

or visibility = 3 .9 2/(t. An optical pyrometer is a convenient instrument to use for the determination of
BR and B1, With a programmable hand calculator, a visibility observation can be made in about I min.
Table 5 summarizes the visibility measurements made during the experiment.
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bble 5 - Visibilities Measured by
)ptical Constrast Method

Date Time cr(km 1) Visibility
(kin)

3 Aug 78 0900 0.026 148.
4 Aug 78 1200 0.038 103.
5 Aug 78 0930 0.048 81.

1155 0.039 100.
8 Aug 78 0810 0.038 103.

1000 0.046 85.
1300 0.041 95.

10 Aug 78 0830 0.034 117.
0955 0.036 108.

I I Aug 78 0805 0.039 101.
0915 0.)35 113.
(005 0,033 118
1 Ili 0.033 118
1215 0.036 110

14 Aug 78 0925 0.028 141
105OS 0.028 140

15 Aug 78 0925 0.024 163
1037 0.025 (58

16 Aug 78 0845 0,037 105
0930 0.036 110

17 Aug 78 1930 0.0137 285
18 Aug 78 0830 0.038 105
19 Aug 78 0950 0.026 149
21 Aug 78 0845 0.026 150

1025 0.027 147
22 Aug 78 0842 0.029 137

(030 0.030 131
23 Aug 78 0830 (.027 145

CONCLUSIONS

DF laser extinction was measured for the first time at the inland WSMR location. Extinction did
not have a significant aerosol contribution at DF wavelengths during the observation period in August
1978. Htigh winds carrying large aerosols encountered during setup could limit the operation of preci-
sion optical systems because of both extinction and damage to external optics. High winds (> 10 m/s)
do not occur regularly during August but may affect operations during other months. DF laser absorp-
tion coefficients agreed well with previous coastal measurements once aerosol effects were removed.
Predictions of DF laser transmission using ltlTRAN calculations and a Burch [121 water-vapor contin-
uum for the conditions at WSMR show less absorption on the average (-0.006 km 1) than the experi-
mentally measured values but this small difference is not particularly significant when compared to the
experimental uncertainty in the measured extinction values.
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Appendix A

METEOROLOGICAL DATA

During the experiment, meteorological measurements were obtained with two me;,,urement ,ys-
tems. each located at opposite ends of the 6.4-km propagation path. The data are presented here for
each measurement site and for each day, tabulated in 10-min averages, followed by plots (it solar radia-
tion, ,indspeed, and X' vs measurement time. The units of each measured quantity arc ,'ien in :he
appropriate column headings, except for (",, which is given in units of m

Figures Al-A16 contain plots of solar radiation, windspeed, and C\- monitored at hIc transmi ter
and reciever meterological stations,
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1300 1-.1 9.17 2h.6 89 .7 1. 34 2.4 143. 5,30 E-14
1310 0.1 8 .)4 ?7.6 99 3.5 1.? 2o4 168. 6G BE -14
1320 3r .'5 8.8' 27.) 393.5 1.34 2.7 146. 6,,36E-14
1330 irC. I q.74 26.4 893.4 1.34 2.) 156. 5.38F-14
134C 31.1 8.64 2c.S 9 3.2 1.34 2.) 117. 6,o54[-14
1350 1?.( 8.47 23.9 891.' 1.32 z.) 127. 9.21E-1'
140D 11 .A .18 ?3. 9 A 9.1 1.32 ?.6 175. 4.75F-1 4
1410 31.w 8.0 4 2 A. 491.9 I. 1" 1.7 69. 7,93t-11
1420 1?. 1 7.9) 21.' 392.7 1.2 2.2 119. 8.7DE-14
1430 2.i 7.52 ?C .7 P9?.b 1.7 2.1 ?o 7. 8.E-14
1440 3 .' I. I 2C,. 4 4''2.4 1.'F 2. n 2D -5. 8.9q[-- 14
1450 2. 7.87 8 (.4 92. 1.?, . 8. F 2 1 16t-1 3
1500 1?.g 7.6? e( . ?6 I 1.2 ? s., 164. 7.41EF- 14
1510 1.. 4 .'.5 ?r,,8 0'0 .J [.l' 2.9 15,2. 6. 2[-14
1520 1.. 7.5 1').6 H l.R 1.17 2.7 152. H.1bL-14
1530 e' . 7.43 1 '.'4 1)1. 1. 1' 1 .3 196. 3.23E-14
1540 1 1. 1 .3, 1 . 91 . 1 1 ? . 8 ? I .

155 ~. 7.~. 11 1~rf. 1. 5 ,. [4 .



\RI RI P()R1 8422

NRL-IMIRL TANSMIfTi k

WSMR MI rPJMET%-P fLl ICAL A TA

7 AUGUST 1976

TIME AT PPH21 R Cp SRI WS WJ WDNSQ

(O G) (TRR) (T.) (MRAR) (W/S4 m) (m/S) (DEG)

1600 32. 6 7.37 19.8 89.. 1 1 .' 4 3.0 130.1610 33.4 7.37 19.2 89I. .1.0 I 2.9 2'P.
1620 33. 7.29 18.9 89:.Q U.97 4.5 163.
1630 3?.q 7.24 19.3 9 9C. 9 0. 3 2.7 133.

z

\ugu~i

I I \ I - d,~ l ,nl~ 'InA~pc'' * ( .If ' . i, r 'IHII
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1 )\ i (, l )RII)N (I R( I() (,()]I XNV Xl k \\ D) 1,k 'R\l( K

N L-Ium IRL T;:AqMI TT:-

WSMR Y'TC '"MtT- f YL 1GIC'51 [ L TA T

i A'UGUST 1')7

TIME AT PPH29 I H Vl- sP SJ " 1) 1 SQ

rPI) FG T IRR) (T') ( MitR ) (W /S m) (,/s) (nrr)

910 2(, .7 2. 15 66 . r, 94.5 9 .3 3. 1 323. 7 .2 6 E- 15
920 2( .9 2.19 65.9 P94.5 .39 3.) 32. I.02F -14
930 21.3 2.34 65.2 H)4.5 '.42 2.9 323. 1.29E-14
940 21.4 2.13 63. 8)4. J ].47 3.2 3?4. 1.13E-14
950 21.7 2.3 63.? 894.5 v.55 2.? 318. 1.45E-14

1000 22.C 2.4) 62.4 894.5 ).6q 2.7 313. 1.C9F-14
1010 2 .4 2.65 62.5 R94.5 .4C 2.9 124. 1.75E-14
1020 22.7 2.28 59.3 8)4.5 j.H5 2.7 3Z2. 1.48F-14
1030 2 3.5 2.25 56.3 894.5 1 ., 7 2.4 316. 2.76E-14
1040 23.9 1.87 53.4 894.5 .8r 2.5 323. 2.30E-14
1050 24.3 1.6D 5n.8 894.5 U.39 2.1 2 1. 2o5?E-14
1100 24.c 1.27 48.9 q94.5 ',.76 2.4 ?81. 1.61E-14
1110 ?'.2 1.29 46.9 694.5 ).,;2 j. 9  174. 8.C1E-14
1120 25. 3 0.84 44.7 894.5 G.9) 1.1 156. 3.5CE-14
1130 2c.3 n.97 45.5 994.5 ".92 1.2 ? 8. 2.14E-14
114L 25.6 1,3C 46.1 894.4 1.12 1.8 228. 5.87E-14
1150 29.7 1.38 45.3 R94.1 1.1'l 2.1 215. 4.91E-14
1200 26.1 1.41 45." 994.1 1.31 2.1 219. 5.46F-14
1210 26.2 1.33 44.4 P94.1 1.27 1.6 2CI. 4.14E-14
1220 26.5 1.42 43.9 894.) 1.2 9 1.5 180. 5.23E-14
1230 26.9 1.4 43.3 893.9 1.16 1.8 175. 6.95E-14
1240 26.8 1.34 42.9 893. 1.21 2.2 176. 4.82E-14
1250 27.5 1.43 41.4 393.1 1.21 1.8 221. 9.43E-14
1300 27.4 1.31 41.? 893.4 1.29 2.J 226. 7.86E-14
1310 27.9 1.22 39.3 893.2 1.2 1.3 259. I.C2E-13
1320 27.8 (1.97 39.2 P93.2 1.22 2.$ 132. 1.19E-13
1330 28.2 C.5p 36.9 893." 1.21 1.9 ?56. 8.72F-14
1340 2P.4 V,.41 35.9 892.9 1.2 1.? 256. 8.46E-14
1350 2C.2 0.54 34.6 892.7 1.25 1.1 195. 9.54E-14
1400 29.3 0.42 34.2 892.6 1.26 1.6 175. 8.67E-14
1410 29.5 C.44 13.8 892.4 1,2: 1,4 272. 1.r7E-13
142C 31..1 C.33 32.4 8 2.2 1.24 I q 124. 1..e4E-13
1430 3 (, r.69 33.6 991 . I .26 2.6 78. 7. r2E-14
1440 ?9.2 f.76 35.5 9)j.9 29 2.2 112. 2.76E-14

36



NRL REPORT 8422

V" V N 3"

- I
Lnq

- /

$30 ; SJ ;23S 14 1 10 OO0 2000

Fig A-2 Solir radiation. wind,,pNed. and (a l the optical transmnitter
meteorological station on 8 August 1979
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tl\ ll' I), [ I IhR l\ (I R(lII (,C~ I i j i \\J) \ J R\\ U

N'L-IMj.L I A'1SmI T TP

WSMR M [1Cl M T Rm) ,I C) L DAT~

)i AUGUST i)7

TIME AT PPH2J f p C 1 WS W O CNS Q

T ' T RP) ( ) a P (,4/%) M) (M/S) ( PL:G)

900 21.fl 1.22 6 1. 893.7 C .59 3., 319. 1.8uF-1491Z C !.5 1.13 58.: 893.7 ' 63 2.5 3 2. 1.4 E-14920 ?2.2 0.97 54.5 893.7 L,.6o 2.4 258. 1.76E-14
930 2?.9 1.04 52.3 893.7 72 2.4 3V0. 2.63E-14940 23.3 r..8 3  5( .5 F93.7 .76 2.4 3) ). 1.8PE-14950 23.8 0.74 43.4 893.7 , .2 r  2.2 246. 2.76E-14

1000 24.4 0.73 46.R 893.7 .. 84 2.3 299. 3.5BE-141010 24.8 r1.33 44.l 893.7 .8 1.6 171. 3.21E-141020 25.2 0.05 41.2 893.P .91 i.l 127. 6.27E-141030 2f.4 0.f8 41.c 893.q .93 1.6 199. 3.92E-141040 25.c 0.13 41.3 893.8 ".96 1.9 232. 4.79E-141050 26.2 '.27 4r.3 R93.7 1. ;:; 1.2 268. 5.55E-141100 26.5 0.34 39.8 393.7 I.v1 1.4 106. 8.92E-141110 27.(' 0.22 38.3 89).6 1..,j6 1.1 Bc. 1.14 E-131120 26.9 G.14 36.1 P,3.5 1.1; 1.4 262. 5.94E-141130 27.2 .01 36. ) 893.r 1.13 1.5 221. 7.97E-141140 27.7 9.75 34.) 893.4 1.16 1.9 259. 9.47E-141150 28.2 9.68 33.7 893.? 1.18 1.5 238. 9.35E-141200 2 p.6 9.46 32.2 893.1 1.2[ 1.9 280. 9.98E-14121C 28.5 9.2 . 31.6 B93.j .?) 1.8 178. 7.92E-141220 28.7 9.19 31.1 892.P 1.27 1.4 131. 9.37E-141230 29.2 9.CI 29.t 892.7 1.2b 2.0 98. 1.07E-131240 29.9 P-95 28.. 892.6 1.24 3.., 86. 1.16E-131250 2$i.7 8.39 28.4 892.2 1.'2 2.) 98. 5.65C-141300 29.6 8.23 27.1 892.2 1.31 2. , 208. P.16E-141310 29.6 8.34 26.8 892. r 1.3 2.6 243. 8.30E-141320 29.9 8.38 26.5 E91.7 1.29 1,7 246. 1.~r9E-131330 29. 8.31 26.5 P9 .6 1.3f, 2.q 174. 1.t)?-131340 29.7 8.22 26.3 891.4 1.3k 2.7 196. 9.2'%-141350 29.9 8.96 2r.5 891.3 1.33 2.2 250. 1.14E-131400 ?9.9 7.9?2 2 .' R .2 1.29 1.6 148. 5.53E-141410 3r .1 7.45 23.2 891 .. 1.z1 3.2 110. 7.29F-14142U 3C.2 7.39 22.) 890. 9 1.24 2.6 119. 6.3DE-141430 3f .1 7.42 23.2 890.7 1.24 2.4 ?67. 5.IRE-141440 3?.9 7.44 22.2 89.5 1.?! 3.) 250. 8.35F-141450 31.6 7.'It 2?. i 83 .2 1.2 3.2 t,9. 5.9 3E-141500 IIl 7 .2, 21 .4 849 , I I .1 1 3.-3 1II. 1.rPt -13
1510 31.1 7.13 21.1 i .. 1/ 2.1 214. 6.94E-141520 1 . 7.12 H 99. 9 1.1 2.14 ?13. ).P4E-141530 1.7 7.59 21.7 8 9.8 1.11 1. '  1F5. 7.7PE-14

X



\RI RI P()RI S42'

N"iL- IM 1t<L TR , 'TTT-

WSAP MI RliET OPI, I UAtAL nATA

l? AUGUST 19 1b

TIME AT PPH2'1 kH 8P S WS Wo CNSQ

(DF-G) (TMRP) (%j) (P9AR,) (W/S97, M) (4/S) (OEG)

1540 31.8 6.07 19.Q 889.5 1.v7 2.2 70. 6.C4E-14
1550 31.4 6. 9 a 2C.l 889.3 1,J5 1.9 155. 6.45E-14
1600 31.4 6.83 19.8 9P9.3 1.)r 1.6 170. 5.30E-14
1610 32.2 6.78 18.9 P89.2 C.9p 3.1 119. 6.97E-14
1620 31.4 6.71 19.6 889.j U.9, 3.3 153. 4.22E-14
163U 31.7 6.P 19.4 88q.7 C,.-9 2.U 205. 4.43E-14
1640 31.8 6.82 19.5 689.6 9.86 4.D 144. 4.55E-14
165C 31.6 6.84 19.7 888.6 ,.3P 3.3 147. 4.29E-14
1700 31.5 6.79 19.7 988.6 C.75 2.6 166. 3.5E-14

E3

T
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II \ I ) , I I\(i [R I ON. (IR(I( . ( 1I It. W( I \\N W I oR\ I( K

1CL-PM4'L TRANS'IT I TR

WSMR MfCPUMETVMP L n1C, L ')6TA

11 AUGUST 197

TIME AT PPH23 k4 SR WS Wo CNSQ

CG) (TIRR) ( M) M iA) (W/SJ A) (MIS) (DEG)

83U Z2.2 1.56 57. 00r.7 C.45 3.9 158. 1. 6E-14
84G 22.4 I. : 56.5 q91.7 O.5V 3.5 16.). I.C4E-14
850 22.9 1.52 54.8 F93.O ,.5E 4.) 169. 1.75E-14
90C 2 .2 1.6 54. 9 g . C." 3.9 174. 2.25E-14

910 23.3 1.63 54.3 89).q .64 3.2 164. 1.89E-14

920 2 . V 1.74 5.1 81).9 j . 4 3.4 175. 2.958-14
930 24.3 1.7) 51.7 89 .9 (,.74+ 3.3 175. 3.54E-14
940 24.4 1.79 51.3 899 .9 J.78 3.7 175. 3,1IE-14
95C 24.7 1.80 59.4 891.1 Q.LR 2.9 179. 3.6RE-14

1000 ?5.1 1.83 49.5 891.1 G. P5 2.9 164. 4.-4E-14
101, 25.3 1.83 48.8 891.1 .89 3.1 155. 3.70E-14

102C 25.9 1.P 47.1 891. 1 ,.92 2.6 163. 5.22E-1 4

1030 26.3 1.87 46.3 891. u.q5 3.3 151. 4.36E-14

1040 27.C I.1 7 44. 891 .3 .9p 3.4 123. 7.21E-14
1050 26.9 1.71 43.7 893.9 1.;2 2.9 139. 4.29E-14
1100 27.4 1.51 42.L 395.7 1.'5 2.2 163. 5.78E-14
IIIc 27.5 1.G5 40.2 89C. 4 1.08 3.4 114. 5.42E-14
1120 27.9 1.41 4r.6 890.7 1.11 1.5 3.72E-14

113C 28.7 1.39 38.7 89;.. 7 1.14 1.6 5.96E-14
1140 29.5 1.13 36.) P9o.6 1.17 1.9 1.18E-13

1150 29. 3 0.84 35.5 89",.6 1 . 1 q '.9 4.49F-14
1200 29.7 ".97 35.1 8P)L. 6 1.21 1.6 5.86E-14
1210 3f.3 0.87 33., R9, .4 1.23 1.1 1.29F-13

1220 31 .4 0.47 32.2 89U.3 1. z5 2.) 5.97E-14
1230 31.1 ri.59 31.3 89k".2 1.26 1.3 1.71E-13
1240 31.3 r.3 6  3r.2 8q9q.1 1.27 3.0 1.35E-13
1250 31.1 9.96 29.v 3'1.1 1.?9 2.1 1.22E-13

13f)0 31.5 9.72 28.1 P 1.3.1 98 1.C 4E- 13
1310 11.9 9.75 27.6 890. 1.31 .. 9 1.29E-13
132C ?2.4 9.39 25.9 8,o9.9 1.21 1.2 9. 93E-14

1330 32.2 9.12 25.3 8R9.6 L.86 1.4 5.73E-14
1340 32.9 9.2, 24.8 889.6 1.36 ,.8 2.31E-13
1350 2.c 9.26 24.r 8A 9.6 1.41 1.4 1.18E-13
1400 3 .3 8.81 23.1 839.4 1.42 1.1 1.26E-13
1410 13.4 8.39 21.4 869.3 1.39 1.8 18. 1.tIE-13
1420 33.5 8.38 21.7 889.1 1.33 1.8 18. 9.34F-14
1430 3?.7 8.44 22. d 889. 1 1.3' 1.8 18. 4.749-14
1440 33.7 8.44 21.6 bPR.R 1.2l 1.8 18.

1450 I. 7 r, .  i.
1500 33.1 8.14 21.6 88.6 1.24 1.9 18. 6.e4E-14
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NRI RIP()RT S422

NIP.L- T IPL TRANS 4TTTZ

WSMR MICR'IP TEOF!LIGIC-L DATA

1I AUGUST jc7

TIME AT PPH21f RH hP SR WS WD CNSQ

(DFG) (T(7RR) () (MbAQ) (W/S) 4) (M/S) CDES)

1510 33.5 8.18 21.1 89P.6 1.2-" 1.9 19. 6.93F-14
1520 34.2 3.29 2C.6 9R.5 1. I 1.9 19. 1.lUE-13
1530 37.r 8.19 21.? 889.4 1.19 1.9 19. 7.75E-14
1540 33.6 8.37 21.6 8P.b 1.13 2.1 21. 1. 9F-13
1550 33.; 8.13 21.1 888.1 1.6 1.9 19, 5,88E-14

2T

k -d

CD

H'_ - C

CI

; l 3C 2.D 140 lZ, 18 0

I Ir i- }l tr l l w nlH . ' l ,"i ,ileed I.,l { {11 ,1 1 al he ' 11 1 a {H i t, 11 , I] III[ l'

fll.Ict ri llogici l im wn ol I I .\lgtll I')X
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If.%NI Y. I )(OWLIN(,. II)RTON. (''R(I(). (i() I AM I \ 1) K% 1R ( 
K

NRL-IMO9RL TRANSmITTEP

WSMR MICP IMETE R'4L"GICPL DATA

14 AUr;IJST 1 )7d

TIME AT PPH2.1 RI 3P SD - wf) NSQ

(DEG) (TIRR) (0) (MbAR) (W/SQ M) (M/S) (DEG)

840 2 5. 9 9.03 36.) 890.Q r.r, 1.4 34J. 5.78E-15
85C 26.5 8.95 34. 89 .. L.55 1.3 311. 1.37E-14
9c0 27.1 8,89 33.C 89L.9 Cj.59 1.) 743. 6.67E-14
910 27.5 8., 31.9 89U.9 U.65 1.6 129. 1.76E-14
920 28..0 8.72 3r',.R 89t'.g L .71 2.5 208. 3.04F-14
930 28.5 8.65 29.6 890.9 ).76 3.4 311. 3.42E-14
940 28.8 8.58 29.' 39b'.9 .83 3.2 332. 3.05E-14
950 29.1 8.43 28.' 891.8 L. 7P 3.3 17R. 3. 36E-14
loo 29.4 8.40 27.4 89, 9.7 0.6) 3.4 316. 2.78E-14
1010 29.5 8.40 27.2 890.7 0.99 3.5 255. 3.54E-14
1020 29.9 8.46 26.9 89L,.7 .197 3.3 312. 4.39E-14
ID30 3C.C 8.43 26.5 89,.7 1.,2 3.6 276. 4.49E-14
1040 30.1 8.43 26.4 89,j. 7 ,.133 3.2 293. 4.28E-14
1050 30.2 8.3q 26.1 39{,. 7 C.3b 2.5 283. 3.61E-14
1100 3C.5 8.34 25.5 890.7 j .1 3.1 265. 3.95E-14
1110 30.9 8.29 24.8 89G.7 1.13 3.1 135. 5.79E-14
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\RI KR I'()RI 42

' - -r-'L - C, , v

TIME IT PPH? W PH i wp ) NS ,J

dL)) (T,1V.') (t) (M'AL,) (; /) C ) (mIS) ( EG)

950 2 .4 4 .7 9 1 3. , , .
94U ? .7 ',.23 17.7 7.? i.5 17!.1000 2 J. . 4 .6 , ,1. 91 1! 1.1 1 R2 .
1 C 3*,'.7 4.21 12.7 1.1? ..7 ?36.

1026 3C.9 4. 3 12. .. 9 225.
103., 34.7 3.A) 1 .: 1.Z7 ..q 121.

1040 1.7 3.2 ( . 1. ? 1.1 14 1.
1050 31.F 3.78 1" .1.3- i.4 ?*')lIIc 12.(. 3. 4 Jr.!) 1. ; 1.5 2v2.

1110 32.6 3.9' 1 . 1 .4.' 1.2 143.
112C 32.4 4. ,9 11., . .t 87.
1130 '3 .F 4.. 11 Q .4Q 1 .6 15 ;.
1140 3?. 4.: 12.! j.'1 2., 249.
1150 3.2 4.6z 12.2 1.13 1.8 1?.
1200 2 .9 4.94 13.?_ 1. 6 4.
121C 33.2 4.75 12.S 1." q  1. 151 .

1220 33.7 4.74 12.2 1.5 L.2 15T.123D 3 4 . 4 .99 12. . . 261.

1240 34.3 . I. .f 2.2 2D5
1250 35.2 5.4 i 12.3 . b.' 2.8.
1300 74.7 5.2q 12. .8 1 i 3.
131C 35.9 5.43 12.4 l.6 5.5 774,
1320 3 4 5.89 13.8 1 . 6.9 ?41.
1330 ?5r : 74 1 .7 1.b 3.2 252.1 3 4 4 . S .7 , I ,. ,'t . ",. 5 ? 4 4 ,.
135( '.6 5.91 1 1. .,>6 . 4 7 3.

L400 3.).H S 5.87 13.5 1.61 5.8 241.1 4 10 3 . e C 5 .9 3 1 3 o. 7 1 . O, C,. R p ; .

1420 36.1 r.9') 13S' 1.64 7.C 216.
1430 36., 6.3 14. 1 .63 5.5 ?I.I
1441D 3t. . 14.3 *9 5.5 ?,.
1450 35. 6.ri? 14.! 1.47 4.3 273.
1500 . 6.r t 1.* i.A . ) '32.1 5 1 {u 3 f, 1 6 . 1 ,, 1 3 .- 7 7 ;1 1. 1)? ? l
1520 3, b.re 4 13. 1.1. . 2 , .
1530 - 6.1? 14." IQ 5. -I .
1540 .1 6.2- 14. . r S 3 .
1550 . 6.., 1i., - '.2 3...
1600 4'.4 6.42 15. I. ,. 4.
1610 ?4
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W. lTC;, .I .., -., .. ' f ,

l' t,j'.! L I I

TIME AT PPH2L " f P >

C , T"&" y) ( . ) C,/ , .) (" (DL )

1620 36.. 6.5f) 14.6 1. 7 7." *)3 .1630 36.' 6.62 14.7 ., '. ,32.I164U -4).2 6.4 ',5 14 .5.Z 7.1 2 4,
1650 V;.I 6.42 14.,) ,5 '36.1700 36.1 6.39 14.4 . - -0 ?13.ItIO 6 . 4 1'I3• , 6.7 14 3 !:) .2 231.
1720 36. 6.37 14.3 i. 7 7.2 15.1730 36.1 6.29 14.2 ,'. 4 7.5 23.1740 6o .3 6 3 14.b j, 4.. 6.175U 6. 6. 32 14. j , 4 .4 2L
18c0 75,. 6.3Z 14.6 p 5.3 226.1810 .7 6.22 14.1 -- 1 .9 216.1820 3,.7 6.22 14.j j 6.9 22 .1830 3 .4 6019 14.4 1.63 ..4 2 3.1840 35.2 6.21 14.7 4.57 6.5 ?2!).185C 

7 . , 57 6. !.
19(t c 4. 

3~l 15 .•3;..
1910 34.5 6.14 1 .37 t.4 ?!9.1920 34. 6.13 15.3 v 3 . ?17.
1930 34., 6.11 15.4 .33 5.9 21).1940 33.7 6.75 15. IV 31 6.2 ? I.1950 31.3 . 99 15.7 . 2 .6 216.2000 32.7 5.9c 1(.1 .5 5. 215.
2010 3,( 5.9 I1t. 6 4.4 716.202C 31." 5.8q 17., .29 4.j 222.2030 31., 5.*2 17.3 L.2 - 217.2040 111 5.7. 17.1 4.3 214.20)50 U ; 1 5. 74 17.•
2 10C j r . 5 . h3 ?.e.i . . 3 . 8 ? ',.
2110 3-": • . ".? ?.7 2 ,'.
2120,
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NRI RFI'ORI X422

N m L T j 'A -

TIME AT PP H?" !' P4 P wu

L{it r (TIRR) (4) M 4A (Wl' ' v (V/S) D t, )

B40 2 .,1 4.25 2 1 . 9 , .6 6. '3 235 . ,1 2 E-1I
850 2 ?. 4 4 .3 ?2 21 .7 9 . . 5.2 347. 1 . CE -14

900 23.1 4.3q 2:.' 892., .'.4 S.4 347. 1.317-14
910 23.' 4.37 10.7 89 .i .* 9 5.6 345. 1.54E-14
920 24.." 4. 3 6 1P.s 6 2.2 ".74 5.- 343. 1.3 9 t-14
930 25.7 4.?7 17.3 i42.2 .7 5.4 336. 1.5*L-14
94C 26.3 4.22 16.c '192. ? vo '; 5.3 332. 1.4E-14
950 26.9 4.16 1.7 S92 2 2, 4.8 333, l..PtE-14
1000 27.4 4. )9 15." 8)2.2 . 4.7 34. 3.2 -14
1010 27.7 4. 1 14.5 3?.2 ) .9 ,  4 .1 342. 3.277-14
1020 28.3 4.03 13.9 R?2.3 ,.'?i 4.i 333. 4.*6 E-14
1030 28.6 3.87 13.z 02.4 1.J 3.9 313. 3. 6 8L- 14
1040 28.7 4.12 14, P 292,4 1. 3,3 314. 4.36E-14
105& 29.3 4.24 13.9 892.4 1 . 6 2.7 271. 4,33[-14
1100 29.7 4. 3 13.7 R92.4 i-Il 2.9 312. 6.41E-14
111C 3'.( 4.37 13.R 812.4 .i3 2.1 243. 4.77E-14
1120 3..2 4.44 13.8 892.4 1.17 2.7 174. 4.26E-14
1130 3('.5: 4.54 1I1.9 8 02 .4 1 .2 2.u 25 7. ,.91E-14

1140 3r .7 4.66 14.1 P32.4 1.23 2.5 196. 6.83H-14
1150 3r.9 4.73 14.? 892.4 i,2 2.9 124. 6.11E-14
1200 31.1 4.78 14.1 892.2 1.26,  2.6 198. 6.44E-14
1210 31.4 4.8 14.? 892.1 1,2d 2.A lZ3, 5.93F-14
122C 31.7 4.88 13.9 b 1. 9  .2e 2.2 74. 6.F5F-14
123b 12.1 4.8b 13.6 81.9 ".31 2.? 24?. 7.29L-14
1240 11.9 4.89 13. 8 891.7 1.33 2.4 111. 3.98E-14
1250 32.8 4.9.J 13.2 891,6 1-3 i.5 L44. 7.62E-14
130k 33.i 4.86 12.9 91.5 1.3'4 1.P 223. 1.07E-13
131C 32.7 4.92 13.3 '191.4 1.34 2.1 116. 3.68L-14
1320 3 .2 4.92 13." 891.? 1.3q 2.4 16n. 6.72E-14
1330 33.2 4.94 13.- 3q .2 l.. 2.9 174. 5.8E -14
134U 33.6 4.90 12.7 991.! I . i 1.Q 2 7. 6.,97E-14
135G 3 .6 4.92 12.7 Q)1.I 1.5 1.1 242. 7. 39 E-14
140C 34.4 5.23 !2.' H89.q .1.3. 173. I.F5F-1
141V 34 . 5. 4 13.4 P 9.; 7 1 . -] 3.1 22 1, l Z - 1 3

1420 2 .i 5.5'-) 13. 2' .5 1..fl 3.5 187. 1.23.-~I
143G 14.7 , 13.9 . , ,.: 3.. %7. 6.8#_-1 4
144j i5.4 5.6 8f .1 1 . 1.21 3.9 2? 1. 1.34F-I.
145u Ar.1 5. 11 ! 4. 1 6 . .L " ./ 1. 1 IH . 7 . F -14,

15rc '.7 6.-6 1 .1 4)., 1.'i ,. 3 2 .1. ,,-I I
1510 t. * 6.3o V. , '. ,., >. ,6',. I.C2L-i 3

4s



I1\11NII . DO" I I NG.,II()RI+()N (IlR(1() i). \A( )N I K() \\D ) qR\l1( K

M T "-U L I N ;

t: Itji jS T 7

TIME AT PPH2 1 H t. p W ) CN J

(f:rn) r, TIRR, Z. m.,,S ) A N S 4) M/S ) (D F

152C -0, o7 6.44 14.i 8r 9° °  1.17 5.5 239. 1.391-13
15 3( )£r .26 A,.4 . i 9. 1 .14 4.1 j 44 . 1. 25 F -13
154G 31,. 1 -. 14 14. 1 "19 .7 .I 4. 6 , 1 9. 1 .t E - 1

1550 36.' 6.716 13.7 bF9.6 1.A 5.1 253. 9.76-14
1600 3 9  6.s 13.' ,c.l I . 4 5.3 .1,751. 1 ...., ---13

1610 T-.7 6.'02 1 3. Rd'Q.' I • 4.2 .445. 9.P7E-14
162a /5 97 1 .7 3 9.5 i 3.2 3 2. 9 26E-1"

KT

. ,~ -, ,.,
17

Ln

18L). / :7

/

, V.. ; 1E,.. l(L 2000

I 1M l l l 46ll lll (I ll af tI I 191 t
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IIj ItI lIi

','L I" " L T J, :,T .

*I " L' J, Ij " L 7 ,

TIME MT PPH ,12 -

(i'r, ) (Tilkk ) (~ M ) (#i/,, j ) ( I) f~;
20( q3.4 6.22 1.? 4 . " 4.2 236. -2016 13. 6.15 16.? P.3 p r. 4.4 232. P.116-12020 3k.1  6.13 16.5 8d ,. 4- 231. 8 .9)7r-12030 . 6. 16. 8 . 4 . .3 233. 9.C6-15204U F,36- 1 . PR , 3. 35 1 "2L-14
20 5b ?2.C 6" i 17. 1. 4 3.7 23 " I . - '-14210$ 1.i 6.07 17.' . - 241. I.9E-l

2120 f". , (.14 13.4 8Hu .6 ,r, 3.6 246. 2. 2 5-14
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TIMF t PP. 1
, '°  

.4o ,

1130 :4: 7. , . 911.1 .

1150 '.! 7.79 ,., .1 ,.;, 4.: 7 4 -14,

120( 4.. 7.4) j.
7  , . ) i. " . 7"). ., J -!.

1220 4 7.92 1 <.i* ' . (." ['4. 1.1 -1
1 23C )4 .7 7.6 . " t.. . 21 ,, 7 .' -1

1240 4 .4 7. - .. .. .
1250 '. 73 . 17) .4 P4. 1.( - 3

13CL 34., 7.31 17.. .2 1. * .A Z' -I
1310 1'.3 7. 3 17.4 1 1* 7.2 JE . 1.?P -13
1334 3r4 7.39 17.6 *,)" . 4. >  

2 .7. ..- 1
13 1 4 7.54 1 .. 1. i- 4.1 )1 . .r4--14

1350 4s.:' 7.5.6 17.4. 19.& 1.n 2 . . f -14

140 3 6,, 7 . 2 10. 3 )9 . 3 i .1 7 .) ) 7 8. 1 . C W -13
1410 ,7 7.2 16.7 FC,9.3 1.. 6.2 f6. .i 0 -
1420 3 7.3 17.1 '3 9.1 !.." 4. 2 'I. 1.11 -13

1430 3 *. 7 36 16*. ,  
R.9 l' e7 R . . 1 '--1

1640 C . 7.27 lb. 6 4 . i '- 7. 7 f7. 9~,g -
145D -q .f 7.3'1 16.5 RP .6 11.11 7. 64. I , € I

1500 le 3 7.3r 16 . . 3 1.22 3." 26. 1. 3213
1510 %.R 7.17 1'.7 P 8 .9 . 1 7 . 3 6 . l. r L-1 3

1520 17.2 6. 9u14. P . 1' k8 7. 251. 1.16 -13
1530 46.6 7.11 15. ,) 8.1 .2 -. 2 ?3" 1 .I - -3
1540 -- 7.1 7.C2 1 Pi.. 1.21 6.7 " 4 1. l.37-1- 3
1550 37.' 7.CI I.1. .7.P 1.1" 6.R 2?4. 1.1 -I I

16C 17.7 6.99 14. '.7 .1 .9 ?4?. 1.2 -13
1610 .d 7.U., 1t.2 . .% '. 75 .1.951 -14
162U 3e.f 7.'/6 ls.5 1 d7. , . 7.2 ?. 8 .37-1 4
163C 3/. ,.nl 15. R qP7 .7 ,"' ". 7, 7.91 1 4
1640 l.? 7 . A 1 4S 11. 1 .3 )6 . 7 .r , -14

1700 7.7. .7 7.1. S. i. 1,. 8-1 4

17 1 ,6,.'J 7.1, 1. , 17.3 ,.71 7.P 27,. 4.6t 1-14
1720 %,. 7.W, 1'.7 1 . 3 .71 7. 72. 4. 6,-14
1730 , 7 . 1'. ' '7.A .,, 3.4 ? . 4.1-d-1'
17 5 C . 7.*,4 . ',.' 7 * . 7. . . 3.6I-7-14
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T I
1. o * .:' . . 7.L '. •~-1

,8C. i~ c ,* t) , * )7T),

1800 t' 6. ? I/-.4 337.3, .i 7.I 2 p . l.4.f-I z.
1 2 0, J 4 7. ' .  1. :' a 7.4 .. j 7 A . . 73- 14
1853C
18 4C .33 ,.7. ,. A .' 39 2. ., -l7.
1855 77''c 

37. V.12 7.I 7i. 4 E-

19IC ,L7 6.47 1,7 e 8 7 1. . , 7. 5. 1 6

1930 4.6 7.71 1 g . '4 7. 4.6 '75. 69E -16I94C . 7.7 1 1P., ,.- 4.? ?79. 72.67E-15
1950 '1.* 7.C' ,2 1 .7 7.j . 5. 7 2 4. 3.1LE-15

7.61 .  
,7.. 4 5 7v 4.720 •c 1, 7 .. 7 371. 4. 7 -1 5?020 ?2.6 7. 71 2" .  8 , 7. . 4. 6 75. (,." " 1 -I20 3 1. c" , . 7. 1 . . . c 70. 6 .3 5 F- 15

2040 411 , 7. 7 1 .. 3° . 1" 6 6. 754 1o -1 5

4q



\~ ~ 0\.) I I,' ki t, t" I 'N N

7 r.

T MI 32'" '

1. ,021 41 "

103 [1. P,.P- I ' . i. ,.

105b , b, i"4*. U

l, .4, -, f

11 2C " . ., ,  ' .: .

1130 , 6.,4 . j.4 4 '7,.
1 14L ,1 6.77 1 7.9I - 3 1

1150 . 6.7: 17. 1. 7 .1 : 7.
1200 , . '55 l7. ~ J.* 4. i

1220 j4*i 7. , 1 7..

1230 % .7 7.2" l.4 .A 7"

124C 4.., 7. 1 . , ' .- ,i,,.

12 r..' 7 17 7 ..- 7 . .

1340 34. ?P 17.. 1.' .1 i4 ,

1340 34, :: 7.2? 1.4' i ' "

1350 4 7 7.2? A 7.- ,. .

1400 34.', 7.?l 16.: ., 7 7.; ?.
1410 3 .1.' , 1. /. - '4

1430 3'.4 6."1 16.1 ., .j ,
1440 35 7." ,  :,.e.'- 1 .*'' ->27.
1450 ' ." 7., , ..

151 35 .P 16.1 ., '.' .

152C 3 6 C I 14 7 7.. *.l >7T.

1530 35. 4 6.5 14.1 . t ..
154u 36.' 6.79 1.4 . 1 '., - 3.

1610 'h.; 6.91 i .. 4 ? 1. .2P'-:'
1620 .. 91 " -C) I* 2. I
16 3u I' . ) 6.* 

:  15., • i . " 1. 7 1 -

164 -f. (*H- .. ' 7' .s 17 .7.t-
1650 4L. 1  67.? 1 .' .. )', ~ .' ,.'. 1.*-

"4,



1 7 I j'T I

TI ME tT P P H? PH ' W' '

T'! Ij L, (T)

1700 . 6.7 7.* i. 7
1 710 6 7 1 , ? 7.? j '. ) 3. - ,

1 72b ~~ 6. 7 V.9 3 . . 4 4

170 <*.j <,.; 73." V 6.7, . . 4. 7 5>-l.

17 5C 0 tj . 7 1'. . 41 . 5 .6 5 7) I

1800 r. #, 4 15 I ,.c' 7. 6 . 4. 7 -1

1820 -14. S.7: 16.1 . '. 57. .9,L-!4
183U 34.) 6.72 16.1 1.64 7.6 646. 2,46.-14
1040 34,' 6,4 5, c, " 7, 1 61 1, 4-

185C 34.6 6.49 j5,H t 5. s. 2 3. 1,.I16=-14

1900 ?4,4 6.4 45, .49 '. ; . 4.94L-1
1910 14.b 6.4. 16. ; . I. . I. 1.1 f- I
1920 j1. 9 6.5 16.5 1-) . , I5t,. 2.1,.E-I1
1930 3-1. 6.54"  17.] . 4. 5 .t .7 4 -f

194U SK. 6. 5. 17.4 . . 64 o
11950 72. 0. d 1 . . . ? 6. . 1 -1

20fl s2.L 7.[ 19.6 . 4. ? j. 1.%F-14
201u 31. 7.,4 2 ° . .6 252. 1491-14
2020 31.7 6.94 19. ,  3.3 4.6 257. 1.7 P-14

2030 31.7 7.4 21.5 1. . 4. P2,6. .7 4 -14

2040 A1.f 7.43 21 4. . ?54. 2."5f-14
2150 . i 7.5 21.5 . 5.4 25). 4.2%-I
2100 1l.7 7.64 23. . 3>7 25 . ?2',r 'FI4
212 1', 7. ,  22. 1 5 u'. .54 2. 35 t-14
2 1 3UJ 1 7 .4 3 22 ." 4. . . I . 14 0 -1

2140 71.' 7.?' 21. . ' 5 3 5 . 2 .4 14
2150 2. .%, 22 9. ; '.1 [5}. 2. 2 -14
22CO - .7 7., 2 3. ?r 3. 5 . 4,2 -

2210 ".l '.45 27. ;.,; , 266. 1.7. -1.4
2220 .1 3.", 25. 1 p , 2.. 4 -14

2230 /q . t,26. 6 .. 21 4, 6 .2' -

224U ' . 26 .1) e. i, . ;, . 2. 1

25 0 2 .' P., 2 7, .. 6" " h . . r

23 0 R, ..6i 2 7.' = . ?69. I P, -

232U 'I . P . 4 2 7. ; . . 1 7, - '

2330 r, . .6/ C" .2 4. . ,'2 . : 1

234 • nI I I II



IANI :Y. DOWLIN(;, IIORToN. (UR(IO. (oTr, WOYTKO, AND SI()RI(K

N,-. L- f I,, "w, L- " 1,: 1C 71 -:

W, S MR 111C 'PAI:.,TLC aL rIG ,)1,

17 UGUST 1"7-

TIME AT PPH29 R4 P W) C N S

0F C) CT 'IP") ( ) Cv - ' )  ( 4ISQ C) ";/ S 0 E 5 )

2350 29.r ,8.6 3 ..1 4.6 4 3. 2.',f -!4

~1

-1

z --,7 7

C

1 -, C2 CO

f-n
-i

1200 1300 1400 150O 1600 1700 1600

Fig .A-7 - Solar radtaion. windpl I. md (i at the (plical tra in 1er

rnetcorologi'al ,laltim on I7 August 1978 (1 ]m10 to 1800 h)
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NRL RE~PORT 8422

z 0

C 13
(~n -i ~L

1C

C3. r

I1B0O 1900 2000 2100 2200 2300 2400
T IME

[tg A-8 - Solar radiatlion, windspeed. aind C2 at the optcai transmitter
fle lor(iogl~ ~ sltilon i 7 A4.ugust 1978 ( 1800) to 2350 h)
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If \N, l I )(),kll ,N , II()R I()\ ( R( I() (i()l I W()N I Ko %,,,I) ,1()k\I- K

% "L - M I' T !- N, ' I T T ";

WS4 - i 1 , C, L T

I. (I / t l, l I ,

TIME T PPH2 r ,, S I

(Lch C, T~p (?P d <k m I, / C S ) -7 li)

930 .2 9.64 3'.1 P91.4 .7 3.3 321. 1.21t-14940 .I 9.60, -3,: 891. 4 .<2 q 3 o 1
9. - 9.61 29. 9!. , 2.3 ?1S. i.4F-1 41000 . 9. 29 L).1 I . e . 2.9 197. 1.45U-141010 j .7 9.6 9 R I.? L. " 2.5 ?3o. I.47E-14102 31 .' 9.7; 2). i 9. )4 1 .5 137. 2.r7F-14103C 21.3 9.74 2.; 9. ( .7 ?4 12 . 3.9 F-1 4
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RI RI I')RI s 422

NrL -I L r Tr

w S'R C' mi t T F"L I L T A

U f l~ ,!J T 1 )7

TIME AT PPA2 p S '  Wi CNS

(PH,;) (T, K) (U) (sv A ) (W/I) A) ("?) (,>r,)

0 ?8. t ,  '. 4 3".i . .. . . * q . [ ' .

Sc 2 7.P 8-4 ('  3' . f, ,.' 1. 3 . . / -14

2U 27. o 3.40 30.1 .H . 4.* 4. 4 1-

30 2,.i 8.31 29.? ".17 ,,.3 278. 2.3IL-14
4C 27.9 5.21, 18.4 L.27 4.4 2 2. 2.21l -14
50 27.7 8.25 29.7 . .27 4.j 295. 2.87 -14

100 27.7 8.93 32". .l7 4.3 294. 2. C6 -14
110 27.2 8.89 32.9 2.27 3.2 296. 2.5,4 - 14
1 2U 2 , 1 3 35. .z7 2. 3 284 . 2. " }- ]4
I130 o .... 1 9 .I " 36.r, 2 ,  2 .2 2 . ?2.2 ? 1

146 25.5 8.9 36.2 .2 .6 748. 7.t-I
150 26.i 9.1 136. j.26 ?.7 194. 8. f'F- I
200 25.9 9. 1 7  " 6.6 v .z I. 1 94. 2 . 7 1F-14

210 26.3 9.5l 35.6 .H 1.) 221. 9. ,:"E- I"
220 2, ' 9.3) 37.3 , .2. 1. 63. 5.24L-15
230 2 9.27 37.7 ".?e 2 .6 2 1,9. .637-14
240 26. 7 9.1! 34.6 C.2d e 7 . 2.93L-14
250 27.' 8.9', 33.5 . . 7 4. 2. 4'F-l 4
310 27.,- 9.15 3. . 7.; 6 . 2 2 5 1
310 27.( 9.49 35.5 L) .2, 1. 2.3 1 7 E-1 4

320 -1 . 9.46 3 5. R 2. ,. 16) .1 -14

330 26.4 9.49 36.8 J. 5.5 264. 2. 2-t1
340 26.!. 9.57 37.) t.2&, 4.4 272. 1.81C-14
350 26. . 9.6i 38.1 .25 4.3 27. i.7hE-14
400 2f. 3 9.7) 39.1 j ,3 69. 1.9 -14
410 ?1.V 9.7 39. 1 .4 253. 2.73t -14
42C 4.2 9. r 4 42., . 1 .7 ,4. 1. P?L- 14
4 30 23 0 9. 4 4.. r 2.2 1 ')')* 5. 6 f-14
440 4., ') . 4 41. 3 1,,' P.2 I . 7 . 17t- 14

450 ?4., 9. 41.4 . 1.5 146. 3.2?i -14

500 4.7 9. 4 4,.,.6 21 .A d'. 6 ,97 1

SIC 9.f3 4., :,, . 1.3 2.5. 7.,7z- 1
520 .7 9. '1 37.8 .' 2.1 277S. 2.67U-14
53i i5., 9. -  39.1 .3. 3. 263. .67-14
540 ?,. 9.71 39. vP 7 73. 3.1% -14
556 2? . 9.5' 3 3.. 24 3.. .)67. 3. 86 t- 14

600 L2. 4 9.2 , '5.' .. ,' . . 125. . , -14

610 21.1 8.71 4e,.7 . 4..' .1 2. I.4tt-i4

62V I1.C 8.8- q .6. -.4 1. ' 63. 8.72F-1'
630 -f I.?

r  44.. .?l 1.1 i . 1.P5.-I

55



I \ lt 1)4 %11 (, I()R (C\ ( I R( 141 (,111[ C I ), IIKC \ \. SI(C . I( K

N -. , L I| V L.

i 'l ' l T 1 J;? -

TIME , Pp9' [ p _j

(l'1,) CTrq..) ( ') (;, ('vJ/& ' I ) ('I13) ([r£r)

640 't 9 .2 47. ) . ,r 29 7. , -

650 22.1 9.4 4 . .I t,3 3. 1,31L-147O 0 ' 0 9 ..5 4, 3 ., 3i. 19 4.tZ - 4
710 24 j.63 42.? .3 .7 £3. 6. 6
720 22.,' 43  ' . * 7 j.1 4 r . 9 16--19
73U 23.7 9 42.7 v.4j 1.4 67. l.521-14

74U ?'K? 9.17 4 .4, 3.3 . 7.51-v
750 >3 ) 9.2 1 .7 .7 .9 £1. 1.46E-14

810 ".7 Q.5i 3R.4 . ,j 1.7 4. 8.13 -15820 27 .] '4 9, .' Yb -. 1 2 6 .7q E-15
830 22.3 9,9 34., .71 . 6. 9,49g-184U _> . '. P' " 4.- . 7 1.7 Z"7 1. 1. 2 3 -14
850 ? .0 9.84 33. 5 . 3 1.9 316. 1.36E-14

910 29.' 9.3. 32. 1. 2.3 3(8. 2.b0-14
92C• 2 1 9 67 29 7 .4 3 L, I. 4.,17 E- 149 3C 2 ( . * 8 . 3 . 17 . 6 .42 L- 14

94C t., ; . 2 2 .: I . 1., 6. 7. 71 , -14
95L 3. 2 3 21 .6 1.l 2.1 484. 5.931-14

ItOCD 2 R 9.. . 1 2- 3 241. 1 .( 2 -13
1010 31 . 0 9 29.1 ..7 21 3o. 6.69L-14
102C 3 :.), 9 1 ?:. t) . 2.2 ?42. 7.P 7E-14
103C 3 . 9.3" 2 8.' 1Q7 2.1 2,.?. 1.21-13
1040 3( . , 9.2? 29.3 .' 2.9 136. 9.L2L-14
1050 31 ., 9.4, 27.9 F. .' 143. 7.256E-14
1110 .) 9. 3 26.4 8*:i' ,, • C4. 1.(I E-1 3
I12 C . .41 26.: 1.K 2.1 18 . 1.73L-13
1130 32.4 .1, 22.1 :.'.7 2.4 2. . ,-13
1140 1 .7 J,2 26.4 .' L.3 227. 1.321-13
1150 7I.0 9.2 . .', l.4 ?3',. 5.216-14
1200 32. 9.2 2 f, .4 i.d 4S4 . 9.2 RF-i
1210 ?. 8. 2' 24.. .1' 2.2 17. 1.6%F-i 3
1220 ,) . 9.1. 1 . -.4 . 177. 1.43-1312 30 3 ./ .7 '0 43. 1 , , 2 . I ?2 - 1
1240 u, .'" 96 . 2 .. 2. ?'6 E, 1 3
1250 " "' R 4, 2 . .7 -", 7 ,5 ?9 4. 6.o5 9 --14
130 _; 2 . 8.6, - 7' . ..(,4 *. 6 2,5 . 3.,')55L-14
13 1 L. ,. a. 4 2.. 1 I.I 1.2 15 . 5.,4 '1 - 14
1 32U ? f p. 2I P . .77 *.5 ?74. 2 .4 3.: -1
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NRI RI I' RI X422

tN L 1- 4 U L P:([ V ,

W'P M T''"f T ' IP L ,tIC. . T

1 " .Ij(,tJ,5T I )i i

TIME .T PPH,; F, ,

1330 3 .4 2 21. s. 4 1 2. C' ,F -I
1340 -1 . -16 2 < ' ,.1.71 '. ) > R. 1.1),11-E !"

1350 -3.*f I ' 1 2." . 1: 3. 24. 2.'-i-!
1400 3;.7 ).r 1 23.1 i.7! 5.4 22?. 3.97(-l
141C 31.( I P 23.4 1.. .1 177. 1 .q t-I

1430 34.6 ,.6. 21. 1.7 7.? >. . t.97 -1
1 ,44C- 3 3. - .97 42. .. .5 14t, ,.7., 1

1450 34.1 8.95 22.4 1. 7. 245. 1.7% -I 3
1500 '14. I ? . 0 ,  ?2.1 3.,.4 ?lI q. 2 . ,,,f -I ?

151 c 34.'. 4. 99 22.a q,' .,i ?25. ?.F,4 -1 3
1520 35.' . ( r . 1.,1 .9 2'). ,. 4. -[
1530 3t.C 8.53 ?.,5 '1. 247. 3.67L-13
1540 34.' 8.I1 19.7 1. ? ' 246. 2.7q(- -
1550 "34.c P .4' 27. " . 1 2'3. 2.I -13
1600 35." ?.24 19.6 ?4 P. T.t7-1 7
161C 34 .% 9.05 1. 7 7,, ? ,' 6. 2 . f 4 F- 1 1,
162, 85. *1-) 19.4 I. 'I . 4? . 2., -1
1630 4.7 P.46 2( . . 1 . 271. i.1 -i'

16 0 1 .' . .I t, 7 4 i7o t .72c i
1650 34 .7 P. 2 1).4 1.it .? ?<). b .- 1 3

:I -34.11 9.3 1 2f . ,,.7f, 3.3 2 K,. 8.6f -14
171D 14.1' P.51 21.5 ,s. c-3 272. 4.747L-14
1720 - ' .9 f 8.?%" 11. 'I" .4 ,  3o6 1-) 9 2.4 7"--14

1730 3 . 7.4' i Y,) .4- 5.6 39 1.Lff -14
174b '2.'t 9. " 27.3 ;.4 6.4 33!. 2.13t-14
1750 2S n .64 34.3 .3; 7. 3 C. 9.P -14
1800 3r . 3 3 32.1 ,. A1.9 277. . ?f -14
18l12 2 R . I. 3 h.' .36 6 .2 2( . 2 .-19 1 1

1822 Z. 1 . 1 3 39." , 3,1 '.4 ?2 '. 2.H tf- 4
1832 28.5 1.6 39. ) . ,- 4.q ?64. 4.S4r-l
1842 ?).1 1 . 1 6. ) .41 .4 ?4r. 1.P t9 -1 C
1852 z 9. '  C. ' 34.o f,. .4 .d e )2 . 1. (, - I
1902 ?r'.; r3. 34." . 4 4.% '34. .P ; -

1912 2'4., I .C 3 33., . 7 .4 2?) . -
1922 29. ' 9.86 32.3 . .7 217. 1.1F-1f
1932 ? . 9.41, 3 t' ,. ?, ?,. I I.. 1.21 -l1,
1942 2", 9. 1 2 .9 9 ? 7 .. - t

1952 ? ., R. 1 2 .K ., ) 4.2 "7 . I.7 - '
2002 ?9. , 8. i 2 . .,' .3 2 . I.7 4-15
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84C 1. 1.7 6" 3 11, f* 6 ,. (.? 3f(' . i~85 2 .4 1,*6 2 7 1 1 4 ,1 ,.3 .7 71, ,2 F- 1 4

91C z3, 1. 3A,?. ) q4.? *..F , 14. .11 -14

920 1 . I.? '4 2 . 1 9, ')4. ,., 2. 232. o , ' io: c-14

930 24.1 1.42 51 .6, j44.5 .7h 1., 256. 4. 1V-14
95U 12.2 R P .r". 5 .3" 2.5 1R . .73L- 14

1000 ?4 .4 1.2, 43.' 6 9 4 .S ,.,2 5.4.6 19'. 1.1 E-14
1010 21. r  I,1 47.2 334.5 .4r i . P4. 1.lL-14
1020 2 . 1.17 4t C. 9 4 . S 1.7 !48. 7.(C 3F-I 5
1030 2-. 1 ." 1 4.7 R.) I.71 17'. 2.74F-i4
1040 , 1.21 44.7 894.7 1.,. 2.3 169. 3.76E-14

61



11 N\11 I ) )WA ll t I I) I F, (I R( 1() Gi()[ I ' () N k I \\D I) h ()R% It K

1,_ I, . '1- ' T ,

) \I!', I, T

TI MET PP-pi p'* ", ,

C 2". 1.4 , ' .v %. 414
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4, c • 1. 6 ' . 7. 3. 3 3 2" . 4
E.. .4. l -4

'C 21.3 1.3; 5 ,.5 . 3." -14
I 21.7 r.64 '4.' .. e"52. 3.12 14

llC .. ., .64 %.?7 ? 2 .1 251. 2.' ,-14

120 3. . 7 2.. 6 ,
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2 1t L, 24.t I r.07 4 F. °  4,2 ;. 65 . 3 6 [

22L, 2 . I 1 .9 ?2R. i.P5- t 4
23C 2 ?. c I • ." 7, 55. P.; . , 1i6 P b 6. I5

24L ?r . 1.71 6 .7 2 1.7 91. I. 6 -1 4

250 2!r. 7 1 .7 3 04. . -  .3 1 2" 8. 1 LL- I

30( 21.! 1.16 59¢ 3.4 136. 9.96c-15
31' 21.1 .? 5I. I I?.4 13 ?. 9.2 2 -1
320 21.: , 5 , , ,3 1.3 129. 9.22 -1q
33C 2, . C.6* 5,. 1.3 132. 4.2 t-15340 2 .4 f .6,? 6r ._ *U 1.s17 12rl34 ,2 ,.4 r] dI-1 1 67o I1. 2 1 4

350 ," • ,.4 5b. u .,4 121. 2. 6c-1S
400 1 .2 6'', * .3 1.7 37. 1.67---14
416 19 . 1.11 6A.j . 1 i.2 4.2. C..2 -42C 2" . 1.1 I 2 f- rj oe1. 1 6 - -
4 3 I 1 ) 9 ! it6 -,. -8

44U 1 .7 1. 2 64. 1". ) .2 8'1. 7.97-15
45r V. 3 1.1 6€, 1.' QI. 2.,43-14
50 c . i.o", 71 . ? i.1 54. 2 . i -l14

51 L ! ? . , .91, 7' .- c .. 4 q *8. 3.63E-14
52 1 4 oi4 '. ) 6 P, .. 7 " . 4 c 7 2,9 4i -1 4

53C i t. . ), V .2 ." q4. 2.' <,-14
54 1 . " . 7"., 2.4 '8. 1.3 ti-14
550 1,. c.I o, 7.0 3 . "5 IQ ) 4 2 .6E -1 4

60C 1'1.; (.% 6I.I ,, . 2.4 q6. 3. ; ( -14
610 1?. . , . . 'I , l~ ~ - 4
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6"3C . 1.1 '76. 1. 11'-It
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